Linking site-specific loss of histone acetylation to repression of gene expression by the mycotoxin ochratoxin A.
Ochratoxin A (OTA) is a potent renal carcinogen but its mechanism has not been fully resolved. In vitro and in vivo gene expression studies consistently revealed down-regulation of gene expression as the predominant transcriptional response to OTA. Based on the importance of specific histone acetylation marks in regulating gene transcription and our recent finding that OTA inhibits histone acetyltransferases (HATs), leading to loss of acetylation of histones and non-histone proteins, we hypothesized that OTA-mediated repression of gene expression may be causally linked to HAT inhibition and loss of histone acetylation. In this study, we used a novel mass spectrometry approach employing chemical 13C-acetylation of unmodified lysine residues for quantification of post-translational acetylation sites to identify site-specific alterations in histone acetylation in human kidney epithelial cells (HK-2) exposed to OTA. These results showed OTA-mediated hypoacetylation at almost all lysine residues of core histones, including loss of acetylation at H3K9 and H3K14, which are hallmarks of gene activation. ChIP-qPCR used to establish a possible link between H3K9 or H3K14 hypoacetylation and OTA-mediated down-regulation of selected genes (AMIGO2, CLASP2, CTNND1) confirmed OTA-mediated H3K9 hypoacetylation at promoter regions of these genes. Integrated analysis of OTA-mediated genome-wide changes in H3K9 acetylation identified by ChIP-Seq with published gene expression data further demonstrated that among OTA-responsive genes almost 80% of hypoacetylated genes were down-regulated, thus confirming an association between H3K9 acetylation status and gene expression of these genes. However, only 7% of OTA repressed genes showed loss of H3K9 acetylation within promoter regions. Interestingly, however, GO analysis and functional enrichment of down-regulated genes showing loss of H3K9 acetylation at their respective promoter regions revealed enrichment of genes involved in the regulation of transcription, including a number of transcription factors that are predicted to directly or indirectly regulate the expression of 98% of OTA repressed genes. Thus, it is possible that histone acetylation changes in a fairly small set of genes but with key function in transcriptional regulation may trigger a cascade of events that may lead to overall repression of gene expression. Taken together, our data provide evidence for a mechanistic link between loss of H3K9 acetylation as a consequence of OTA-mediated inhibition of HATs and repression of gene expression by OTA, thereby affecting cellular processes critical to tumorigenesis.